Results
Expression of LA 45 on In Vitro and In Vivo Activated T Lymphocytes. Freshly isolated MNC of 18 volunteers weakly expressed LA45 in 5 t 4% as analyzed by gating for lymphoid cells in flow cytometry (Fig. 1 A) . Isolated monocytes (n = 3), granulocytes (n = 2), and bone marrow MNC (n = 1) were negative (<2%). T lymphocytes from 12 healthy individuals activated with PHA became clearly LA45' within 24 h after stimulation with a maximum expression on days 3-6 in a range of 65 t 19% (day 3). Fig . 1 , B and D, show 3-d PHA-activated T cells of one experiment with 79% LA45' cells and 93% CD25 + cells, respectively. For in vivo activated cells, we tested freshly isolated blood lymphocytes from patients with infectious mononucleosis and found in two of three cases CD3, CD8, and HLA class II-positive cells expressing LA45 antigen . One patient showed 84% LA45' T cells (Fig. 1 C) , the other 14% LA45' T cells .
Determination of the Molecular Weight of LA45. The molecular mass of the LA45 antigen as determined by immunoprecipitation and Western Blot techniques turned out to be 90/45 kD under nonreducing and 45 kD under reducing conditions (for immunoprecipitation : Fig. 4 , lanes e and i; for Western Blot: Fig. 5 , lane c). The slight signal of about 38 kD (Fig. 4 , lanes e and i) is co-precipitated by LA45 antibody in some experiments .
Cloning and Sequence Analysis of LA45. To clone the gene encoding LA45 we created a cDNA library of the target cell line HUT102 in the prokaryotic expression vector AZAP By plaque screening with the mAb LA45 we got seven positive clones . We then subcloned these cDNA clones in the eukaryotic expression vector pcEXV3, and expressed the recombinant protein in COS7 monkey cells. The expression of the rLA45 protein was detected in a high amount in the cytoplasm of the COS7 cells, but was only slightly expressed on the cell surface. However, we could demonstrate, both with metabolically ["S]methionine and surface 125 1-labeled cells, that the transfection-induced recombinant protein has the same size as that expressed by the target cell line HUT102 . An immunoprecipitation of recombinant LA45 from 125 1-labeled transfected COS cells is shown in Fig. 2 .
We then sequenced the gene and found a nucleotide sequence of 1418 bases including an open reading frame coding for a protein of 367 amino acids (Fig. 3 A) . A putative deletion, indicated as #, is assumed at position 54 to 55 in the nucleotide sequence, leading to a shift in the reading frame in the peptide encoded 5' to this deletion . This part of the protein is coding for a highly hydrophobic leader peptide as is known for membrane transported proteins .
The comparison of the nucleotide and protein sequence of LA45 with data banks revealed that LA45 is quite homologous to genes of the HLA class I gene family. In particular, there is a homology of 92% to the cDNA sequence of HLA-A2 sequence over a range of 1306 nucleotides. At the protein level, LA45 is 95% homologous to the protein sequence of the HLA-Aw68 over a range of 275 amino acids and of 93% homologous to the protein sequence of HLA-A3 over 367 amino acids.
The highly conserved five cysteine residues within the HLA class I genes as well as the N-glycosylation site (gln-85) of HLA class I proteins were found . The hydrophilicity analysis revealed the typical transmembrane region (aa 303-331). Therefore, we separate the protein sequence according to class I proteins in the domains al, a2, and 0, transmembrane, and cytoplasmic tail . The direct comparison of LA45 to human HLA class I proteins is seen in Fig . 3 B . It is noteworthy that LA45 and HLA-A3 differ only in 23 amino acids .
Comparison of LA45 with HLA Class I Proteins.
The high homology of LA45 to HLA class I genes on the one hand and the clearly discrepant cellular expression pattern on the other hand led us to compare HLA class I proteins and the LA45 in a direct manner. Therefore, we performed sequential immunoprecipitation studies with the antibody LA45 and the antibody W6/32, reactive with a monomorphic determinant of HLA-A,B,C molecules . Clearing a lysate of HUT102 cells with LA45 antibody revealed that HLA class I and 02m proteins remained (Fig . 4, lanes e-h) . On the other hand, clearing with W6/32 left behind LA45-reactive structures (Fig .  4, lanes a-d) . The antibody W6/32 precipitated bands at 90 kD and 45 kD under nonreducing conditions and a band of 45 kD under reducing conditions plus 02m, a protein of 12 kD (lanes a and k). However, the LA45 antibody reacts with proteins of 90 and 45 kD (nonreduced) and 45 kD (reduced) and does not co-precipitate 02m (lanes e and i) .
In view of these data one may argue that a possible weak association between LA45 and 02m was not detected in immunoprecipitation experiments . However, we could also demonstrate that antibody-induced capping of LA45 did not induce capping of W6/32 or anti -02m reactive structures, nor did W6/32 or anti-02m-induced capping lead to cap formation of LA45 .
Reactivity ofLA45 in Western Blots. To check if LA45 antibody reacts with conformationally altered class I heavy chains, we tested a denatured total cell lysate from lymphocytes, which rarely express LA45, and found a clear signal with LA45 antibody in the Western Blot (Fig. 5, lane b) at 45 kD. The same signal is found with cell lysates of HUT102 cells, but LA45 antibody was negative in a Western Blot with the cell line K562, which is known to be HLA class 1-negative . Furthermore, we isolated conventional HLA-A,B,C molecules from resting, LA45 -T cells with W6/32 antibody, denatured them with SDS, and analyzed the PAGE-separated bands with LA45 antibody. As seen from Molecular cloning and sequence analysis revealed a high homology ofLA45 cDNA and protein sequence to human HLA class I genes. When comparing the LA45 sequence with the grouped HLA class I DNA and protein sequences by Parham et al. (17, 18) we detected all characteristics ofA-ness in our cDNA sequence . We found the 62 A-locus characteristic nucleotides as well as the two A-specific methionines (met-138 and met-189) (Fig . 3) .
However, HLA class I proteins are known to be expressed on all nucleated cells, but for LA45 antigens we repeatedly showed that they are virtually absent from the surface and cytoplasm of resting peripheral blood and bone marrow mononuclear and polymorphonuclear cells. After stimulation with PHA we can induce the expression of LA45 antigen on T cells within 24 h. The kinetics of the expression of LA45 antigen on T lymphocytes is rather heterogenous when compared with the classical activation antigen CD25. However, as shown by immunolluorescence (Fig.  1, B and D) , the number ofthese newly expressed structures is essentially comparable to the number oflow affinity IL-2 receptors on activated T cells (25,000-60,000 binding sites, reference 19) . Besides the discrepancy in the serological reaction pattern between HLA class I proteins and LA45, the two proteins also differ in the association to the 02m. HLA class I proteins are known to be associated with 02m, a protein of 12 kD. This protein band was never found to be co-precipitated with LA45 (Fig. 4, lanes e and t) . Therefore, we raised the question whether the LA45 protein represents an unusual, non-02m-associated member of the MHC class I family with a cellular distribution pattern (Fig. 1) clearly different from conventional HLA class I proteins, or whether our LA45 antibody is simply unusual and detects a hidden epitope of an otherwise classical HLA-A,B,C molecule that only becomes surface-exposed upon
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activation. A sequential immunoprecipitation revealed that W6/32 and LA45 antibody and antigen do not crossreact with each other. Furthermore, we could show that cap formation induced by W6/32 or anti-02m antibodies did not cap LA45 molecules and LA45 antibody did not induce capping of HLA class I molecules. This might suggest that LA45 is a non-02m-associated HLA class I a chain and structurally different from conventional HLA-A,B,C molecules recognized by W6/32 and anti-02m. These experiments stress the nonassociation of 02m to LA45 and argue against a possible weak association as it is described for some mouse class I antigens (20) . From all these data LA45 could not be termed a classical HLA class I antigen. Therefore, we assume the expression of structurally altered HLA class I proteins on T lymphocytes upon activation . In the mouse system the Qa/TL antigens represent a group of so called class I like proteins . The human equivalent ofthese Qa/TL proteins has not yet been found. Some non-HLA-A,B,C class I genes have been cloned (21) (22) (23) . The cellular expres- sion pattern of these class I-like clones, as determined by Northern Blotting is, concerning T lymphocytes, similar to that of LA45 . When aligning the published sequences, LA45 is only -75-76% homologous to these genes, compared with a homology of93 % to HLA-A3 (Fig. 3 B) . Alloantisera have been described that seem to react with non-HLA-A,B,C class I molecules expressed by activated but not resting lymphocytes (24) (25) (26) (27) . All so far reported proteins differ from LA45 as they are 02m associated and have a slightly lower molecular mass than simultaneously studied classical HLA-A,B,C antigens . In contrast, LA45 is not associated to 02m and has an identical molecular mass to the a chain precipitated by W6/32.
The noncovalent association of the a chain to the 02m is mainly generated by some amino acids in the a3-subunit of the heavy chain in a very short distance to the 02m in the formed complex (28) . We checked the protein sequence of LA45 for mutations in these amino acids and could not detect any different amino acid compared with the HLA-A2 protein sequence . Therefore, the lack of the 02m association of LA45 cannot be explained by a mutation in the amino acids responsible for the protein aggregation.
The association of the heavy chain and the 02m occurs posttranslationally in the cytoplasm and is accompanied by a conformational change of the heavy chain (1, 5) . This alteration can be reversed by in vitro denaturation ofHLA class I aggregates . Most of the antibodies against a heavy chain-02m complex do not react with the free heavy chains . Furthermore, it was stressed that the association of 02m to the heavy chain is essential for the membrane transport of functional class I proteins . In contrast, Allen et al . (29) demonstrated that the transfected murine class I molecule H-2D 6 can be surface expressed in the absence of 02m. These free heavy chains display a significantly altered conformation unrecognized by allospecific and Db-restricted CTL or by most alloantibodies . These findings raised the idea, that our LA45 is a structurally altered class I protein, expressed without 02m, and therefore is not recognized by W6/32. To delineate this issue, we performed a Western Blot with purified HLA class I proteins denatured in vitro by SDS-PAGE . We could detect these antigens with the antibody LA45 on the nitrocellulose. Therefore, denaturation ofconventional W6/32-reactive HLA-A,B,C molecules and dissociation from 02m thus seems to alter a chains in such a way that they become reactive with our LA45 antibody (Fig. 5, lane a) .
This conclusion is further supported by a sequential immunoprecipitation in which we showed that the LA45 antibody and an antibody HC10, reacting with in vitro denatured class I heavy chains, recognize the same proteins on HUT102 cells (Fig.  6 A, lanes a-c) . These molecules are structurally different from conventional, 02m-linked MHC class I proteins and can only be detected with antibodies recognizing the free heavy chain such as LA45 antibody, but not with antibodies reacting with the intact heavy chain-02M complex such as the classical HLA-A,B,C-reactive antibody, W6/32 . This all confirms the previous speculation that activated T cells express structurally altered, non-02m-associated heavy chains . Whether these structures represent a separate alloantigen system remains to be seen . However, mitogen-stimulated MNC of 12 normal donors showed LA45 reactivity, although they had mismatching HLA phenotypes with HUT102 cells. Furthermore, in an isoelectrofocusing experiment the LA45 precipitates showed the same reaction pattern when compared with the W6/32 precipitates, although the bands precipitated by LA45 antibody showed a different intensity to W6/32 precipitates, and a certain preference for HLA-A locus proteins were detected (data not shown) . This leads us to the conclusion that on activated T cells and possibly other cells, products of all HLA class I gene loci can be found in association with 02m as well as in a free, conformationally altered form . Additionally, the LA45 antibody defines a monomorphic determinant on free HLA class I heavy chains .
So far, we have not tested if these "free" heavy chains with altered conformation get surface expressed without a biosynthetical association with 02m. Another possibility, which we in fact favor, would be a functional exchange of a 02m with a thirdparty molecule . One candidate for such an associated molecule would certainly be the 38 kD protein observed by us, which was co-precipitated by LA45 antibody in three of five experiments. The trivial possibility that an exchange of human 02m with constituents and in particular bovine /02m (30) might be possible, for the in vitro changes could be ruled out. Identical results were obtained with culture media supplemented with human serum.
Our working hypothesis for these findings is that activation of T lymphocytes is accompanied by loss of association of 02m with the known heavy chain HLA class I molecules. A likely explanation for the lack of heavy chain-02M association is that the heavy chain is associated with a new structure, thereby displacing I02m . It seems probable that this change has functional importance given the presence of non-02M-associated heavy chains on activated cells but apparently not on precursor cells. The possible nature of new molecules with which the "free" heavy chains can associate and the potential functional importance of such associations are important issues arising from these studies.
Summary
We present here the molecular characterization of a new activation-induced surface structure on human T lymphocytes, termed LA45, with high homology (93% at protein level) to MHC class I molecules . Antigen modulation and sequential immunoprecipitation experiments revealed that LA45 and HLA class I proteins do not crossreact with the corresponding antibodies . Furthermore, LA45 is not associated with R2-m. On the other hand, we could show that the separation of HLA-A,B,C and 02m molecules, induced by SDS-denaturation, leads to a conformational change in the heavy chain in such a way that it becomes reactive with LA45. The 90/45 kD LA45 proteins thus appear to be non-02m-associated MHC class I a chains that are selectively expressed by activated but not by resting human T lymphocytes .
